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Clinical PerspectiveWhat Is New?We updated previous meta‐analyses by adding 3 recent large randomized controlled clinical trials, increasing sample size by 64%.Marine omega‐3 supplementation significantly lowered risk for most cardiovascular end points, even after excluding a trial testing very high‐dose supplementation.Risk reductions were linearly associated with dose of marine omega‐3 supplementation.What Are the Clinical Implications?Daily marine omega‐3 supplementation is effective in lowering risk for coronary and most other cardiovascular end points, including myocardial infarction, coronary heart disease death, total coronary heart disease, cardiovascular disease death, and total cardiovascular disease; no benefits, however, were found for stroke.Greater cardiovascular benefits may be achieved at higher doses of marine omega‐ 3 supplementation.

Introduction {#jah34435-sec-0008}
============

Whether marine or long‐chain omega‐3 fatty acid supplementation has significant benefits in reducing risk of cardiovascular disease (CVD) is the subject of intense debate. Despite consistent findings from observational studies showing inverse associations between higher fish consumption and lower risk of heart disease,[1](#jah34435-bib-0001){ref-type="ref"}, [2](#jah34435-bib-0002){ref-type="ref"} recent evidence from randomized controlled trials (RCTs) testing marine omega‐3 supplementation, usually a moderate‐dose combination of eicosapentaenoic acid (EPA) and docosahexaenoic acid compared with placebo, have had largely null results.[3](#jah34435-bib-0003){ref-type="ref"}, [4](#jah34435-bib-0004){ref-type="ref"} Although the American Heart Association continues to recommend marine omega‐3 supplementation for patients with prevalent coronary heart disease to reduce mortality, it found insufficient evidence for use in prevention among patients at high CVD risk but without CVD.[5](#jah34435-bib-0005){ref-type="ref"} A recent meta‐analysis synthesizing study‐level data from 10 midsize‐to‐large RCTs with at least 1 year of follow‐up reported no significant favorable effects of marine omega‐3 fatty acid supplementation on fatal or nonfatal coronary heart disease (CHD) or any major vascular events.[6](#jah34435-bib-0006){ref-type="ref"} Another expanded meta‐analysis including smaller trials and dietary intervention trials reached the same conclusions.[7](#jah34435-bib-0007){ref-type="ref"} Inconsistent findings between observational studies and RCTs cast doubt on a causal relationship between fish oil supplements and CVD prevention.[8](#jah34435-bib-0008){ref-type="ref"}

Against this backdrop, results from 3 recently published large RCTs have further fueled the debate. In ASCEND (A Study of Cardiovascular Events in Diabetes), which included 15 480 diabetes mellitus patients without existing CVD at baseline, marine omega‐3 supplementation did not reduce the primary end point of serious vascular events.[9](#jah34435-bib-0009){ref-type="ref"} The VITAL (Vitamin D and Omega‐3 Trial), which included 25 871 participants at "usual" risk of CVD from the general population, also did not find a statistically significant reduction in the primary end point of major CVD events.[10](#jah34435-bib-0010){ref-type="ref"} However, both ASCEND and VITAL found reductions in at least 1 prespecified secondary end point (vascular deaths in ASCEND and myocardial infarction \[MI\] in VITAL). The REDUCE‐IT (Reduction of Cardiovascular Events with Icosapent Ethyl‐Intervention Trial), in contrast, observed significant protective effects of icosapent ethyl, a highly purified and stable EPA ethyl ester, against occurrence of all fatal or nonfatal cardiovascular events among patients with established CVD or risk factors.[11](#jah34435-bib-0011){ref-type="ref"} Incorporating new data from these 3 recent large RCTs, with and without inclusion of REDUCE‐IT, is important to provide the most up‐to‐date evidence. Also, we explored dose--response relationships between marine omega‐3 supplementation and CVD risks, an important subject that has not been addressed by previous meta‐analyses.

Methods {#jah34435-sec-0009}
=======

The authors declare that all supporting data are available within the article and its online supplementary files.

Search Strategy {#jah34435-sec-0010}
---------------

We performed an updated meta‐analysis of RCTs based on the published data of a previous study‐level meta‐analysis[6](#jah34435-bib-0006){ref-type="ref"} by incorporating data from the ASCEND, VITAL, and REDUCE‐IT. All 3 additional studies met inclusion criteria of RCTs using marine omega‐3 fatty acids supplementation versus placebo or open label control, with a sample size of at least 500 participants and a follow‐up duration ≥1 year. Study‐level data from these 3 studies were extracted from published results.

The end points of interest included MI (fatal and/or nonfatal MI), death from CHD, total CHD (MI, death from CHD, or coronary revascularization), total stroke (fatal and/or nonfatal stroke), death from CVD, total CVD (nonfatal MI, nonfatal stroke, death from CVD, or hospitalization because of a cardiovascular cause), and major vascular events (nonfatal MI, nonfatal stroke, any revascularization, or death from CVD). All the participants included in the current analysis provided written informed consent.

Statistical Analyses {#jah34435-sec-0011}
--------------------

For calculating the pooled rate ratio (RR) and 95% CIs, we constructed 2×2 contingency tables for each trial. The pooled RR, 95% CI, and *P* value for heterogeneity were calculated using a fixed‐effect model using the Mantel‐Haenszel method. Because REDUCE‐IT used a significantly higher dose (4000 mg/d) of marine omega‐3 supplements than all other trials, which might introduce substantial heterogeneity, we performed separate analyses with and without this study. To assess trials having an adequate dose use, treatment duration, and sample size, we conducted a sensitivity analysis by restricting to studies using at least 840 mg/d total marine omega‐3 supplementation, that had at least 1000 participants, and that lasted at least 2 years. Four studies (DOIT,[12](#jah34435-bib-0012){ref-type="ref"} SU.FOL.OM3,[13](#jah34435-bib-0013){ref-type="ref"} Alpha.Omega,[14](#jah34435-bib-0014){ref-type="ref"} and OMEGA[15](#jah34435-bib-0015){ref-type="ref"}) were excluded according to these stricter criteria in this subset analysis. We also conducted a sensitivity analysis that excluded 2 open‐label trials (GISSI‐P[16](#jah34435-bib-0016){ref-type="ref"} and JELIS[17](#jah34435-bib-0017){ref-type="ref"}) to eliminate potential bias introduced in the unblinding design. Finally, to assess the joint impact of both open‐label and smaller trials, we excluded the aforementioned 6 studies.

In the exploratory dose--response analysis, we used the total marine omega‐3 dose from EPA and docosahexaenoic acid combined. A meta‐regression was used to assess linear dose--response relationships between marine omega‐3 supplements dose measured as mg/d and risk for each outcome of interest. The nonlinear relationship was not explored because of the limited number of included trials. We also conducted separate analyses with and without REDUCE‐IT to assess whether any significant dose--response relationship was driven by its extremely high dose. In a sensitivity analysis, we additionally adjusted for the median follow‐up duration. Statistical analyses were performed using STATA version 15.0 (StataCorp LP, College Station, TX) and R (version 3.3.2, R Foundation) package *metareg* was used for the dose--response analysis.[18](#jah34435-bib-0018){ref-type="ref"}

Results {#jah34435-sec-0012}
=======

The 13 included trials[9](#jah34435-bib-0009){ref-type="ref"}, [10](#jah34435-bib-0010){ref-type="ref"}, [11](#jah34435-bib-0011){ref-type="ref"}, [12](#jah34435-bib-0012){ref-type="ref"}, [13](#jah34435-bib-0013){ref-type="ref"}, [14](#jah34435-bib-0014){ref-type="ref"}, [15](#jah34435-bib-0015){ref-type="ref"}, [16](#jah34435-bib-0016){ref-type="ref"}, [17](#jah34435-bib-0017){ref-type="ref"}, [19](#jah34435-bib-0019){ref-type="ref"}, [20](#jah34435-bib-0020){ref-type="ref"}, [21](#jah34435-bib-0021){ref-type="ref"}, [22](#jah34435-bib-0022){ref-type="ref"} had a total number of 127 477 participants, of whom 59.7% were male ([Table](#jah34435-tbl-0001){ref-type="table"}). On average, the participants were 64.3 years of age at baseline, had a body mass index of 28 kg/m^2^, and were treated for 5 years. The addition of ASCEND, VITAL, and REDUCE‐IT increased the sample size by 63.6% and extended the mean follow‐up duration by 0.6 year compared with the previous meta‐analysis.[6](#jah34435-bib-0006){ref-type="ref"} Overall, 39.7% of participants had prevalent diabetes mellitus and 72.6% used cholesterol‐lowering medication at enrollment. The range of marine omega‐3 supplementation dose was 376 to 4000 mg/d, although the relative proportion of EPA and docosahexaenoic acid varied among different trials. The JELIS and REDUCE‐IT trials tested EPA alone.

###### 

Baseline Characteristics of RCTs Investigating Effects of Marine Omega‐3 Supplementation and CVDs

  Study                                                 Year   Sample Size   Mean Age, y                                   Marine Omega‐3 Dose, mg/d   Mean Follow‐up Duration, y                   Male, No. (%)   BMI, kg/m^2^   Diabetes Mellitus, No. (%)   Cholesterol‐Lowering Drug Use, No. (%)
  ----------------------------------------------------- ------ ------------- --------------------------------------------- --------------------------- -------------------------------------------- --------------- -------------- ---------------------------- ---------------------------------------------------
  GISSI‐P[16](#jah34435-bib-0016){ref-type="ref"}       1999   11 334        59.4                                          866                         3.5                                          9658 (85.2)     26.5           2139 (18.9)                  NA
  JELIS^17^                                             2007   18 645        61.0                                          1800                        4.6                                          5859 (31.4)     24.0           3040 (16.3)                  18 645 (100.0)
  GISSI‐HF[22](#jah34435-bib-0022){ref-type="ref"}      2008   6975          67.0                                          866                         3.9[a](#jah34435-note-0003){ref-type="fn"}   5459 (78.3)     27.0           1974 (28.3)                  NA
  DOIT[12](#jah34435-bib-0012){ref-type="ref"}          2010   563           70.0                                          1320                        3.0                                          563 (100)       NA             46 (8.2)                     NA
  SU.FOL.OM3[13](#jah34435-bib-0013){ref-type="ref"}    2010   2501          61.0[a](#jah34435-note-0003){ref-type="fn"}   600                         4.2                                          1987 (79.4)     27.2           440 (17.9)                   2079 (83.1)
  Alpha Omega[14](#jah34435-bib-0014){ref-type="ref"}   2010   4837          69.0                                          376                         3.4[a](#jah34435-note-0003){ref-type="fn"}   3783 (78.2)     27.8           1014 (21.0)                  4122 (85.2)
  OMEGA[15](#jah34435-bib-0015){ref-type="ref"}         2010   3818          64.0[a](#jah34435-note-0003){ref-type="fn"}   850                         1.0                                          2841 (74.4)     27.5           948 (27.0)                   3566 (94.2)
  ORIGIN[19](#jah34435-bib-0019){ref-type="ref"}        2012   12 536        63.5                                          840                         6.2[a](#jah34435-note-0003){ref-type="fn"}   8150 (65.0)     29.8           11 081 (88.4)                6739 (53.8)
  R&P[20](#jah34435-bib-0020){ref-type="ref"}           2013   12 505        64.0                                          866                         5.0                                          7687 (61.5)     29.4           7494 (59.9)                  12 505 (100.0)
  AREDS‐2[21](#jah34435-bib-0021){ref-type="ref"}       2014   4203          74.0                                          1000                        4.8[a](#jah34435-note-0003){ref-type="fn"}   1816 (43.2)     NA             546 (13.0)                   1866 (44.4)
  VITAL[10](#jah34435-bib-0010){ref-type="ref"}         2018   25 871        67.1                                          840                         5.3[a](#jah34435-note-0003){ref-type="fn"}   12 786 (49.4)   28.1           3549 (13.7)                  9524 (37.5)
  ASCEND[9](#jah34435-bib-0009){ref-type="ref"}         2018   15 480        63.3                                          840                         7.4                                          9684 (62.6)     30.8           14 569 (94.1)                11 653 (75.3)
  REDUCE‐IT[11](#jah34435-bib-0011){ref-type="ref"}     2018   8179          64.0[a](#jah34435-note-0003){ref-type="fn"}   4000                        4.9[a](#jah34435-note-0003){ref-type="fn"}   5822 (71.2)     30.8           3389 (41.4)                  8145 (100)[b](#jah34435-note-0004){ref-type="fn"}
  Total                                                 NA     127 477       64.3                                          NA                          5.0                                          76 095 (59.7)   28.0           50 229 (39.4)                78,844 (72.6)

BMI indicates body mass index; CVDs, cardiovascular diseases; NA, not applicable; RCTs, randomized controlled trials.

Data are median values.

Thirty‐four participants with missing data.

The pooled associations between marine omega‐3 supplementation and risk of CHD subtypes are presented in Figure [1](#jah34435-fig-0001){ref-type="fig"}. In the analysis excluding REDUCE‐IT, the pooled RRs (95% CIs; *P* values) were 0.92 (0.86, 0.99; *P*=0.020) for MI, 0.92 (0.86, 0.98; *P*=0.010) for CHD death, and 0.95 (0.91, 0.99; *P*=0.008) for total CHD, where no significant heterogeneity was found. A linear dose--response relationship was not found between marine omega‐3 supplementation dose and these CHD outcomes (Figure [S1](#jah34435-sup-0001){ref-type="supplementary-material"}). Including the REDUCE‐IT substantially strengthened the inverse associations for MI and total CHD while introducing statistically significant heterogeneity for the pooled estimates. The pooled RRs (95% CIs; *I* ^2^, *P* for heterogeneity) became 0.88 (0.83, 0.94; *I* ^2^=51.2%, *P* for heterogeneity 0.017) for MI (*P*\<0.001) and 0.93 (0.89, 0.96; *I* ^2^=54.7%, *P* for heterogeneity 0.009) for total CHD (*P*\<0.001). By including the REDUCE‐IT, a significant dose--response relationship was also observed but without introducing significant heterogeneity. Every 1000 mg/d marine omega‐3 supplementation corresponded to 9% (95% CI: 2%, 15%; *P*=0.012; *P* for heterogeneity 0.218) and 7% (95% CI: 0%, 13%; *P*=0.041; *P* for heterogeneity 0.068) lower risk of MI and total CHD, respectively (Figure [S1](#jah34435-sup-0001){ref-type="supplementary-material"}A, and [S1](#jah34435-sup-0001){ref-type="supplementary-material"}C).

![Pooled associations between marine omega‐3 supplementation and risk of subtypes of CHD. **A**, Marine omega‐3 supplementation and risk of MI, which includes fatal and/or nonfatal MI. **B**, Marine omega‐3 supplementation and risk of CHD death. **C**, Marine omega‐3 supplementation and risk of total CHD, which includes MI, death from CHD, or coronary revascularization. CHD indicates coronary heart disease; MI, myocardial infarction; RR, rate ratio.](JAH3-8-e013543-g001){#jah34435-fig-0001}

The pooled RR (95% CI) between marine omega‐3 supplementation and risk of stroke and other CVD event subtypes are shown in Figures [2](#jah34435-fig-0002){ref-type="fig"} and [3](#jah34435-fig-0003){ref-type="fig"}. In the analysis excluding REDUCE‐IT, no significant association was found for stroke (1.05 \[0.98, 1.14\]; *P*=0.183) but significant inverse associations (RRs \[95% CIs\]; *P* values) were found for CVD death (0.93 \[0.88, 0.99\]; *P*=0.013) and total CVD (0.97 \[0.94, 0.99\]; *P*=0.015). For major vascular events, the RR was 0.97 (0.94, 1.00; *P*=0.058). Each 1000 mg/d marine omega‐3 supplementation lowered risk of total CVD by 17% (95% CI: 4%, 29%) and risk of major vascular events by 17% (95% CI: 3%, 28%) without evidence of heterogeneity (Figure [S2](#jah34435-sup-0001){ref-type="supplementary-material"}B, and [S2](#jah34435-sup-0001){ref-type="supplementary-material"}C). Including REDUCE‐IT only slightly strengthened the pooled inverse associations (RR \[95% CI\]; *P* value) for CVD death (0.92 \[0.88, 0.97\]; *P*=0.003) and total CVD (0.95 \[0.92, 0.98\]; *P*\<0.001), but lowered the risk of major vascular events (0.95 \[0.93, 0.98\]; *P*\<0.001). The *P* values for heterogeneity became statistically significant for total CVD (*P*=0.002) and major vascular events (*P*=0.003) but not for total stroke (*P*=0.093) or CVD death (*P*=0.388). The linear dose--response relationships were statistically significant for total stroke (RR \[95% CI\] per 1000 mg/d increment: 0.89 \[0.82, 0.98\]) (Figure [S3](#jah34435-sup-0001){ref-type="supplementary-material"}), total CVD (RR \[95% CI\] per 1000 mg/d increment: 0.91 \[0.88, 0.95\]) and major vascular events (RR \[95% CI\] per 1000 mg/d increment: 0.92 \[0.89, 0.95\]) without evidence of heterogeneity after including REDUCE‐IT (Figure [S2](#jah34435-sup-0001){ref-type="supplementary-material"}B, and [S2](#jah34435-sup-0001){ref-type="supplementary-material"}C). Additional adjustment for follow‐up duration did not materially change the regression slopes for the CVD end points.

![Pooled associations between marine omega‐3 supplementation and risk of total stroke. Total stroke includes fatal and/or nonfatal stroke.](JAH3-8-e013543-g002){#jah34435-fig-0002}

![Pooled associations between marine omega‐3 supplementation and risks of other subtypes of CVD. **A**, Marine omega‐3 supplementation and risk of CVD death. **B**, Marine omega‐3 supplementation and risk of total CVD, which includes nonfatal MI, nonfatal stroke, death from CVD, or hospitalization because of a cardiovascular cause (except for JELIS and ALPHA OMEGA, which include revascularization). Removing JELIS and ALPHA OMEGA resulted in pooled RR 0.97 (0.94, 1.00), *P*=0.046 without including REDUCE‐IT, and 0.95 (0.93, 0.98), *P*=0.001 with REDUCE‐IT. **C**, Marine omega‐3 supplementation and risk of major vascular events, which include nonfatal MI, nonfatal stroke, death from CVD, or revascularization. CVD indicates cardiovascular disease; MI, myocardial infarction; RR, rate ratio.](JAH3-8-e013543-g003){#jah34435-fig-0003}

In the sensitivity analysis that excluded DOIT, SU.FOL.OM3, Alpha.Omega, and OMEGA (because of considerably lower dose, duration, or size), inverse associations for most CVD end points were strengthened (Figure [S4](#jah34435-sup-0001){ref-type="supplementary-material"}). In the analysis that excluded 2 open‐label trials, GISSI‐P and JELIS, the point estimates remained unchanged for most CVD end points except CHD death whose RR (95% CI) was attenuated to 0.94 (0.87, 1.01), and the 95% CIs for most end points became wider (Figure [S5](#jah34435-sup-0001){ref-type="supplementary-material"}). Jointly excluding both open‐label and smaller trials also produced similar RRs with wider 95% CIs across CVD end points, with the largest attenuation for CHD death (Table [S1](#jah34435-sup-0001){ref-type="supplementary-material"}).

Discussion {#jah34435-sec-0013}
==========

In this updated meta‐analysis, we found that marine omega‐3 supplementation significantly lowered the risk of MI, total CHD, total CVD, and because of CHD or CVD, even after excluding REDUCE‐IT. Including REDUCE‐IT resulted in stronger inverse associations for these outcomes while introducing significant heterogeneity. Linear dose--response relationships were persistent only for total CVD and major vascular events in the analyses with and without including REDUCE‐IT.

The current updated meta‐analysis builds upon a previous one including 10 large RCTs and provides an up‐to‐date assessment regarding the effects of marine omega‐3 supplementation and risks of multiple subtypes of CVD end points. The inclusion of 3 additional studies, increasing samples size by 64% and contributing 11% to 45% of the total weight of the CVD end points in the current analysis, has a substantial influence on the available evidence. In contrast with recent meta‐analysis, our study suggests that MI, total CHD, CHD death, total CVD, and CVD death are reduced by marine omega‐3 supplementation (even after excluding REDUCE‐IT) and that higher doses of marine omega‐3 supplementation are significantly associated with reduced risk of total CVD and major vascular events. Despite the modest effect sizes for some of the CVD outcomes, the use of marine omega‐3 supplementation may still help prevent large absolute numbers of CVD events, given the high incidence rates of CVD worldwide. Finally, our results were generally consistent with previous findings that indicated that marine omega‐3 supplementation was not associated with risk of stroke.

The differential associations frequently observed between composite CVD end points and individual components of composite outcomes imply that the potential beneficial effects of marine omega‐3 may not be uniform across all types of CVD. Findings from the current study are in line with previous meta‐analyses suggesting that marine omega‐3 supplementation may be particularly effective in reducing CHD events and mortality because of CVD causes, but not in reducing stroke.[3](#jah34435-bib-0003){ref-type="ref"}, [23](#jah34435-bib-0023){ref-type="ref"} Both ASCEND and REDUCE‐IT observed a lower incidence of vascular death with marine omega‐3 supplementation than with placebo, and VITAL also found a lower risk of MI and fatal MI in the treatment group. In contrast, the effects of marine omega‐3 supplementation on risk of stroke were mostly null, which was confirmed in the current meta‐analysis. However, given the substantial risk reduction of total stroke in REDUCE‐IT, it remains unclear whether higher doses of omega‐3 supplementation are required to attain these benefits. In addition, because most marine omega‐3 trials recruited participants with existing CVD or prevalent chronic conditions, the frequent use of statins, beta‐blockers, aspirin, anticoagulants, and hypoglycemic medications may impair the ability to detect additional CVD benefits from the marine omega‐3 supplementation. However, the generally similar results among those using and not using these medications in VITAL, the only trial conducted in a usual‐risk population, and in previous meta‐analyses argues against this explanation.

In the current study, the linear dose--response relationship observed between marine omega‐3 supplementation and several CVD end points is both clinically and biologically plausible. Because most included trials comprise patients at high risk of CVD and with advanced atherosclerosis, a high dose of marine omega‐3 supplementation may be needed to achieve potential benefits in this setting. A dose--response analysis based on 58 placebo‐controlled trials estimated that each 1 g/d increase of marine omega‐3 reduced triglyceride levels by 5.9 mg/dL and such linear association did not plateau even at 7 g/d.[24](#jah34435-bib-0024){ref-type="ref"} Nevertheless, our dose--response analysis was highly exploratory and should be interpreted cautiously. Because most included trials had a dose around 850 mg/d, the slope of the regression line was essentially determined by few distinctive doses within a narrow range, which may not be sufficient to delineate the underlying dose--response relationship. Although including REDUCE‐IT generated significant linear dose--response relationships between marine omega‐3 supplementation and most CVD outcomes, the substantially changed slopes suggested that the marine omega‐3 dose of 4000 mg/d was an influential outlier (most trials tested doses ≤1000 mg/d and the second largest dose was 1800 mg/d). Nevertheless, the general inverse trend in the dose--response analysis without including REDUCE‐IT suggested that the protective effects of marine omega‐3 may be evident even at moderate‐to‐high doses. Eventually, incorporating data from the ongoing trial STRENGTH (Statin Residual Risk Reduction With Epanova in High Cardiovascular Risk Patients with Hypertriglyceridemia), which is testing a high dose of marine omega‐3 supplementation, may help to further clarify the dose--response relationship between marine omega‐3 supplementation and CVD risk. Furthermore, results from our sensitivity analysis that excluded 4 smaller RCTs (Figure [S4](#jah34435-sup-0001){ref-type="supplementary-material"}) suggested that adequate sample size, moderate‐to‐high marine omega‐3 dose, and longer treatment duration are required to ensure a rigorous and reliable assessment of the effect of marine omega‐3 supplementation on CVD end points. Finally, it is noteworthy that removing 2 open‐label trials attenuated the estimates for CHD death only (Table [S1](#jah34435-sup-0001){ref-type="supplementary-material"}). This is largely because of the exclusion of GISSI‐P, the trial with the largest study weight (19.48%) among all included trials and showing a statistically significant risk reduction in this end point of nearly 20%. However, despite widening of CIs because of sample size reduction, the RR point estimates were virtually unchanged for MI, total CVD, and other vascular end points.

Our study has some limitations. First, we were unable to perform subgroup analysis by including 3 additional trials because the study‐level data were not available for these trials. However, because the associations did not differ across most subgroups such as age, sex, prior statin use, etc, in these 3 additional trials, it is unlikely that any significant effect modification would emerge, in view of the absence of interactions across these subgroups in previous meta‐analyses.[6](#jah34435-bib-0006){ref-type="ref"} Although VITAL suggested that marine omega‐3 supplementation may particularly benefit blacks and those with low fish consumption, we could not investigate such effect modifications in the current meta‐analysis because previous trials had predominantly white participants, and few studies assessed baseline fish intake. Second, because of the lack of published study‐level data, we were unable to include some end points such as subtypes of stroke and revascularization. Third, potential nonlinear relationships between marine omega‐3 supplementation and CVD end points could not be determined because of an insufficient number of trials. Finally, our study did not include some small trials or trials using dietary advice as the intervention. However, a previous study including these additional trials[7](#jah34435-bib-0007){ref-type="ref"} produced results identical to an earlier meta‐analysis involving 10 large trials only,[6](#jah34435-bib-0006){ref-type="ref"} suggesting that the results were unlikely to be influenced by inclusion of those studies.

Conclusions {#jah34435-sec-0014}
===========

The current updated meta‐analysis incorporating data from 13 RCTs, including 3 recent large trials, suggests that marine omega‐3 supplementation is associated with lower risk of MI, total CHD, total CVD, and death from CHD or CVD causes. Such inverse associations may be particularly evident at higher doses of marine omega‐3 supplementation. Additional large trials testing high doses of marine omega‐3 supplementation are warranted to confirm and extend these findings.
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**Figure S1.** Dose--response relationship between marine omega‐3 supplementation and risk of coronary heart disease end points.

**Figure S2.** Dose--response relationships between marine omega‐3 supplementation and risk of other CVD subtypes

**Figure S3.** Dose--response relationships between marine omega‐3 supplementation and risk of stroke.

**Figure S4.** Pooled associations between marine omega‐3 supplementation and risk of cardiovascular disease end points excluding DOIT, SU.FOL.OM3, Alpha.Omega, and OMEGA because of lower dose, shorter follow‐up duration, or smaller sample size than the rest of included studies.

**Figure S5.** Pooled associations between marine omega‐3 supplementation and risk of cardiovascular disease end points excluding 2 open‐label trials, GISSI‐P and JELIS.

**Table S1.** Sensitivity Analysis That Excluded Open‐Label Trials and Trials With Smaller Sample Size, Lower Dose, and Shorter Follow‐Up Duration
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Click here for additional data file.
